Cerebral hyperperfusion syndrome is a rare but well-described complication following carotid endarterectomy or stenting. Clinical signs are ipsilateral, throbbing, unilateral headache with nausea or vomiting, seizures, and neurological deficits, with or without intracerebral abnormalities on CT scan, such as brain edema or intracerebral hemorrhage. Subarachnoidal hemorrhage is rarely described especially if it occurs isolated. We describe a 74-year-old man with a history of high blood pressure, hypercholesterolemia, atrioventricular block with pacemaker, and ischemic cardiopathy with coronary bypass. He underwent right carotid endarterectomy for a 90% NASCET asymptomatic stenosis. Four days after surgery, he complained of unusual headaches with right, throbbing hemicrania. Nine days after surgery, he presented with left hemiplegia and a partial motor seizure. He had fluctuant altered consciousness, left hemiplegia, and left visual and sensory neglect. Brain CT showed right frontal subarachnoidal hemorrhage without parenchymal bleeding. Cerebral angiography found no cerebral aneurysm, no vascular malformation, but a vasospasm of the left middle cerebral artery. Transcranial Doppler confirmed this vasospasm. Evolution was favorable with no recurrence of seizures but with an improvement of the neurological deficits and vasospasm. Physicians should bear in mind this very rare complication of endarterectomy and immediately perform neuroimaging in case of unusual headache following endarterectomy or angioplasty.
days following surgery, but most studies report onset within several hours to seven days after surgery. It can also occur after carotid or vertebral angioplasty or stenting [1] .
CHS is characterized by throbbing ipsilateral headache, neurological deficits such as confusion, visual or other focal disturbance, and seizures. Radiological aspects are brain edema, mass effect, focal infarct and petechial or massive ipsilateral hemorrhage [2] .
Several mechanisms are involved in the pathophysiology of CHS. First, cerebral blood flow increases, a result of multiple factors such as removal of stenosis, release of vasoactive peptides, baroreceptor reflex breakdown or trigeminovascular reflex lesion during surgery. Hyperperfusion can exceed autoregulation capacity in a chronically hypoperfused hemisphere, cause transudation of fluid and vasogenic edema and increase vascular permeability by endothelial dysfunction. Bleeding may occur in the surrounding damaged brain tissue [2] . CHS is extremely rarely revealed by isolated subarachnoidal hemorrhage. We report a case with such a condition.
Case Report
A 74-year-old man underwent endarterectomy for a right asymptomatic 90% NASCET stenosis of the internal carotid artery. He was a former smoker, with a history of high blood pressure, hypercholesterolemia, a pacemaker for an atrioventricular block and ischemic cardiopathy with a coronary bypass. His treatment included aspirin.
Four days after surgery, he developed unusual right, throbbing hemicrania. Nine days after surgery, he was referred to the emergency department for a left hemiplegia. Neurological examination showed altered and fluctuant consciousness, left hemiplegia and left visual and sensory neglect.
In the first hours, the patient presented with a partial motor secondary generalized seizure. Emergency brain CT scan showed a right frontal subarachnoidal hemorrhage, without parenchymal bleeding ( fig. 1) . A middle cerebral artery (MCA) vasospasm was found on cerebral angiography, but no cerebral aneurysm or vascular malformation. Because of the pacemaker, brain MRI was not possible. Intracranial Doppler confirmed the MCA vasospasm.
Blood pressure was controlled by nicardipine. Treatment typically consists of levetiracetam (250 mg twice a day) to prevent seizure, nimodipine for vasospasm, and cessation of aspirin. Evolution was favorable and neurological status improved in 2 days, without recurrence of seizure or headache. Vasospasm was not found on control Doppler 24 h after the first one.
Discussion
The incidence of CHS after CEA or carotid artery stenting (CAS) is about 3%. Intracranial hemorrhages occur in 0.37% of patients after CEA and in 0.74% after CAS [1] . Subarachnoidal hemorrhage can occur in association with intracerebral hemorrhage, but rarely occurs isolated.
To our knowledge, isolated subarachnoidal hemorrhages have been reported in 6 patients after CAS and in only 1 after CEA [3] [4] [5] [6] [7] [8] . Another case is reported after CEA but in a patient with an ipsilateral aneurysm, and the cause of the bleeding was not identified [9] . The reason why subarachnoidal hemorrhage is more often associated with CAS than CEA is not known.
Our patient had some predisposing factors such as age, history of high blood pressure, severe carotid stenosis and treatment by aspirin. Many predisposing factors for CHS exist, especially preoperative severe cerebral blood flow decrease and pre-or postoperative hyperperfusion. Identifying patients at risk of CHS is essential because supervision, screening and early treatment may improve outcome. Actually, various radiological techniques are studied to detect CHS precociously, such as signal intensity of the MCA on a time-of-flight sequence of a preoperative MRI [10] , functional MRI [11] or Doppler [12] .
The first symptom presented by our patient was headache. This may be an alerting symptom detectable in most patients useful in our aim to treat them early. Therefore, early recognition of cerebral hyperperfusion is important to minimize perioperative risks associated with CEA. The time of onset in the first week after CEA and the type of headache presented by our patient were typical. The combination of headache, seizures and focal deficit was also characteristic for the diagnosis of CHS.
Transcranial Doppler showed an MCA vasospasm maybe secondary to subarachnoidal hemorrhage, but no increase of the velocity of the MCA was found. In patients with CHS, transcranial Doppler typically shows a 150-300% increase in the ipsilateral MCA [13] . This increase can be explain by the controlateral spasm, Doppler performed two days after introducing treatment, or technical difficulties.
Because blood flow is pressure-dependent in patients with CHS, blood pressure control is recommended, but there are no data from randomized trials. Drugs of choice like clonidine or labetalol have to reduce arterial blood pressure but should have little effect on intracranial pressure [2] . Treatment of our patient with nicardipine can be discussed because it is a cerebral vasodilatating agent, but in this case, the vasospasm was the indication for this treatment. Treatment of seizure is recommended, but there is no recommendation for prophylactic treatment [1] .
Clinical outcome is dependent on the severity of CHS and on the timing of diagnosis and treatment. Neurological deficits seem to be reversible if there is no major damage caused by vasogenic edema or hemorrhage. Mortality and morbidity are significantly higher in patients with intracranial hemorrhage. Several studies reported that CHS, even if asymptomatic, is associated with impaired cognitive function [14] .
Hyperperfusion syndrome is a complication of CEA or CAS. It can be associated with intracerebral hemorrhage, but isolated subarachnoidal hemorrhage is extremely rare.
Early diagnosis of CHS is essential to improve prognosis. Headache after CEA or angioplasty must alert and requires immediate neuroimaging.
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